The Pinellas County Resource Recovery Facility (PCRRF) is a 3,150 tons per day mass burn facility located in Pinellas Park, Florida. Due to local water use restrictions and increasing costs for potable water supplies in central Florida, Pinellas County has continuously sought to reduce potable water usage at its facilities. The PCRRF's boiler makeup water system represented a prime target. Accordingly, a makeup water pre treatment system using reclaimed water from a sewage treatment plant as its source, has been installed upstream of the existing reverse osmosis membrane and mixed bed polishing demineralizers. The pre-treatment system consists of a micro-filtration module, followed by a reverse osmosis module, which results in an overall configuration of micro-filtration, two stage reverse osmosis, and polishing demineralization. The system has been operational for approximately six months, and is producing excellent quality makeup water for the facility boilers. This paper will describe the pre-treatment process and its operational results to date. 
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BACKGROUND
The PCRRF is a mass bum waste-to-energy plant serving the densely populated Pinellas County peninsula and its one million residents. Each of the three boilers at the PCRRF is rated for a maximum steam output of 244,000 Ibslhour of 615 psia, 750°F steam. Boilers 1 and 2 were completed in 1983, and Unit 3 was added in 1986. Steam is used to produce electricity in two condensing turbine-generators, with the excess electricity sold to Progress Energy Florida.
Total installed capacity is approximately 75 MWe, with approximately 57 MWe of committed capacity based on a rolling average capacity factor of 70%.
207
The facility has been retrofitted with state of the art air pollution control systems in order to comply with the State of Florida and US EPA Emissions Guidelines. The facility is also refurbishing boiler convention passes and other key plant equipment with its "Capital Replacement Project (CRP) l . As of this writing, the CRP is approximately three fourths complete, with two boilers refitted, and all ancillary projects completed. The refitted units are performing as intended.
Ov�rall PCRRF water management practices were described in a paper entitled "Water Reclamation Practices at the Pinellas County (FL) Resource Recovery Facility ,, 2 . It described the PCRRF's usage of surface water, tertiary water and potable water sources for cooling tower makeup boiler water makeup, and miscellaneous on-site usage. At the time that the reference (2) paper was written, design of the new pre treatment system for boiler makeup water was not finalized. Since then, the system was installed and has been commissioned for operations. The basic design and operational results to date are described below.
Boiler Makeup Water Requirements
Boiler makeup water is required to replenish the water lost from the cycle during normal and abnormal operation. The principal steam cycle losses at the PCRRF derive from: With three boilers normally operating, total steam production is in the range of 700,000 Ibslhour. ''Normal'' boiler makeup water usage is in the range of 60,000 to 150,000 gallons per day, which is the equivalent of approximately 3 to 7.5% of steady state steam flow, averaged over the course of a day.
System Design Considerations
The existing water treatment process for boiler makeup consist of a media filter, reverse osmosis (RO) membrane system, followed by mixed bed demineralizers. The 208 mixed bed system is relatively new, having been replaced in the fall of 200 1, during the first phase of the CRP. In addition, prior to the decision to go forward with installation of the new pre-treatment system, the existing RO cellulose acetate membranes had been replaced as part of the plant's normal maintenance regimen. However these membranes had been designed with the objective of treating potable water, not reclaimed water, as the influent stream. In order to preserve the value of the recently installed membranes, it was decided to leave them in place, and provide upstream pre treatment for the new reclaimed water source. As such, the system can be thought of as a two-stage RO system. The simplified flow diagram (Figure 1) shows the new and old components.
Micro-Filtration System
Micro-filtration is a process that forces water through a filtering membrane by means of a pressure gradient, leaving large particles behind in a reject stream. By defmition, the micro-filtration process addresses solid phase impurities in the influent stream, leaving any dissolved impurities to pass through to the downstream process. In today's application of micro filtration membranes, it is possible to remove particles in the sub-micron range.
The micro-filtration system selected for the PCRRF consists of multiple filters arranged in parallel in a rack, with water flow arranged in an "outside-in" configuration through the membranes. In operation, the accumulated particles are automatically backwashed to drain periodically. A small chemical injection system is used to limit biological fouling.
In addition to the backwash cycle, an air-scrubbing process is used to periodically inject instrument grade compressed air into the water feed. This cycle restores the membranes to near clean condition.
The micro-filtration system selected for the PCRRF application is manufactured by the PALL Corporation of Cortland, N.Y., using their propriety "microza" hollow fiber filters with 0. 1 micron modules.
The module configuration uses 20 parallel filter elements, with space provided for additional elements should future requirements change. The overall system, including RO components was configured, packaged and installed by System Components Corporation of Ocala, Florida. Figure 2 depicts an isometric view of the micron filter and pump modules.
RO System
Given the aforementioned decision to leave the relatively new cellulose acetate RO membranes in place, a new RO system designed to treat the reclaimed water filtrate was included in the design. The principal reason for the use of this RO membrane system is treatment of dissolved solids.
The new RO system consists of a modular, skid mounted membrane system, permeate storage tank, cleaning system, chlorination skid and transfer pump skid, The system is rated at 150 gpm permeate production, using 200 gpm of filtered water as it's input.
Water Quality Criteria Table 1 shows the water quality of the two sources available for boiler makeup water. Table 2 shows boiler makeup water quality requirement following demineralization.
System Operational Characteristics
The new pre-treatment system was commissioned in August, 2002. It has operated continuously ever since, with the exception of one two-day interruption caused by a failed electrical component. The system's fi rst year maintenance requirements are covered under a maintenance agreement with the system vendor, who provides monthly site visits including system cleaning and adjustments.
The system is normally operated approximately 12 hours per day, which provides sufficient makeup water for plant operational needs.
Additional water requirements caused by startups, shutdowns or tube leaks in boiler plant equipment increases the duty cycle. The system is highly automated, and requires little operator attention, except for periodic 209 monitoring. Cleaning of the RO filters is automatically initiated and terminated by the control system.
Costs
Potable water costs at the PCRRF are approximately $4.45 per k gal, compared to reclaimed water costs of $0.50 per k gal. Using an average reclaimed water system output demand of 100,000 gpd, and accounting for the approximately 25% higher water usage of the pre-treatment system compared to potable water (owing to pre-treatment RO system concentrates blowdown), average monthly cost saving for water usage is approximately $11,000. This is slightly offset by minor costs for electricity used in the system, principally small pumps rated 5 HP or less.
Actual potable water usage has decreased from a monthly average of 3.7 m gal per month to 200 k gal per month. This represents annualized savings of approximately $192,000. Additional costs savings are associated with much longer demineralizer cycle times. These savings in acid and caustic used for demineralizer regeneration are created by the substantially better water quality of the pre-treatment system effluent, compared to the potable water stream it is replacing.
Capital cost for the installed system is approximately $650,000. Approximately 50% of the this capital costs were contributed by the South Florida Water Management District (SFWMD), under a special grant program. Simple payback of the County's portion of capital costs is less than two years.
Operating Results
The effluent from the pre-treatment system, using reclaimed water, is actually superior in quality to the potable water it is replacing. The final water chemistry of the system following demineralization has substantially lower silica and conductivity compared to operation on potable water. The demineralizer system is now operating at much longer cycles, approximately 500,000 gals between regeneration, compared to 100,000 gals. This is a direct result of the higher quality influent, and results in substantial savings in acid and caustic solutions used for regeneration.
Conclusions
The PCRRF water pre-treatment system using reclaimed water for boiler makeup water has been successful from all points of view. It has saved millions of gallons of precious potable water resources, while enabling the beneficial recycling of treated waste water. The treated reclaimed water quality exceeds that of the potable water it is 210 replacing, resulting in higher quality water for the boilers.
And, it is providing substantial cost savings to Pinellas County. 
